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WELCOME
Welcome to the first annual research
report of the SDSU College of
Engineering! Research activities
have been growing steadily over
the past two decades and, in more
recent years, have shown almost
exponential growth. Our faculty are
involved with many projects that
are making major contributions to
our understanding of the physical
principles of matter and energy
D r. D e n n i s H e l d e r
around us in an effort to improve
the overall quality of life for all of us. The purpose of this
report is to provide an overview of these activities in a
statistical sense and, more importantly, provide some
insight into several of the active research laboratories and
their projects.
One of the exciting aspects of the College of
Engineering over the past decade has been the growth that
has occurred in engineering research activities. As the new
millennium started, the college received approximately $2M
annually in external grants and contracts. In the past three
years, this has tripled to more than $6M annually. Reasons
for this growth have been development of new laboratory
facilities—many of which are reported here—as well as
expansion of well-established labs.

Several of these laboratories are described in this
report. You will note that in all cases these researchers and
their facilities are working on problems that are foundational
to us, but also very diverse. From our basic need for water,
to satellite image calibration and analysis that allow us to
study global change factors that will influence our water
supply. From structures on the nano-scale that convert
sunlight to electricity to structures on the macro-scale that
allow us to safely transit obstacles via bridges.
To help support all of this activity, we have developed
the Office of Engineering Research within the college. One
of our primary roles in this office is to help faculty develop
solid grant proposals and increase their probability of
being funded. To develop this goal, we hired Ms. Dianne
Nagy this past year as our Grants Coordinator. She has
reviewed scores of proposals and has helped several faculty
achieve awards. In addition, she has conducted several
workshops on successful grant writing. Tammy Loban, our
administrative assistant, and I round out the office with an
overall goal of coordinating and focusing research for the
college that builds on current resources, and moves the
college forward in a manner that benefits the state, SDSU,
and the college.
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S E C U R I N G C L E A N WAT E R
Water and Environmental Engineering Research Center
Access to clean water has been identified by both the United
Nations and the National Academy of Engineering as one
of the greatest human development challenges of the early
21st century. In some countries, half of the population lacks
access to safe drinking water and suffers from consequent
poor health. In addition to drinking and sanitation, water is
also critical for agriculture and industry.
South Dakota depends on municipal and rural water
systems to supply safe, potable water to farms, country
dwellings, communities, and industries. Regional rural water
systems serve a large percentage of South Dakota’s area
and are a vital contributor to the quality of life and economic
development.
Since 1990, SDSU’s Water & Environmental Engineering
Research Center (WEERC) has addressed environmental
and water resource problems of local, state, and national
interest. Current projects include performance evaluations
of wastewater treatment for Brookings Municipal Utilities,
analysis of mixing in regional water system storage tanks,
evaluation of pharmaceutical compounds in surface water
for the U.S. Geological Survey, and improving the safety of
crude oil and regional water system pipeline crossings for the
U.S. Department of Transportation.
Regional interests are also addressed through the
Regional Water System Research Consortium (RWSRC),
established in 2007 to sustain the development and service
life of regional rural water systems. RWSRC supports
research, development, and outreach activities that provide

ABOVE: Beverly Klein, Senior Chemist, conducts quality
c o n t r o l a n d c a l i b r a t i o n s c u r v e s o n t h e l a b ’s I C P - A E S
(Inductively Coupled Plasma-Atomic Emission Spectrometry).

planning and management, operations, and education tools
to advance the efficiency and sustainability of regional rural
water systems.
Both the RWSRC and the WEERC are directed by Delvin
DeBoer, professor of civil and environmental engineering.
The Center also employs two full-time staff members and
10 – 12 undergraduate and graduate research assistants to
administer research projects and serve WEERC’s clients. The
Center’s certified analytical laboratory supports research,
teaching, and service, enabling SDSU students and faculty
to engineer solutions to water resource and environmental
problems and to address humanity’s pressing need for
access to clean water.
For more information, visit www.sdstate.edu/weerc.

Raising Awareness: South Dakota Wind Application Center
The South Dakota Wind Application
Center (SDWAC) takes a synergistic
approach to meeting its mission of
promoting wind energy through project
development and education. As part
of the Wind for Schools Program, the
Center has installed 12 turbines at
schools throughout South Dakota.
These residential-sized wind turbines
serve as laboratories where K-12
students can explore wind energy
and related topics. The program also
provides valuable hands-on experience
to SDSU engineering students
who assist with turbine installation
through feasibility analysis, micrositing, resource assessment, and
performance prediction.
The Center further delivers on its
educational mission by supporting the
College’s Renewable Energy Systems
course (an essential component of
the new sustainable energy systems

minor) as well as facilitating numerous
senior design projects that focus on
renewable energy, such as residential
wind turbines and silo-mounted wind
turbines. Beyond service to SDSU
students, the Center also broadcasts
webinars to the South Dakota Public
Education System and engages K-12
students in hands-on workshops
where they learn the principles of
wind energy and build working small
wind turbines. Participants in SDWAC
presentations and workshops also
learn about local energy sources, utility
grids, wind resource assessment,
economic impact, and policy.
Developing classroom curricula for
K-12 and university students as well as
resources and material to promote wind
energy remains an ongoing concern of
SDWAC.
Established in 2008 with support
from the federal Department of Energy

through the National Renewable
Energy Laboratory, SDWAC maintains
a wide range of regional and national
partnerships in the areas of research,
promotion, policy, and education.
Research at the Center focuses on
small wind energy development
for rural America, quality testing of
large wind turbine control sensors,
and South Dakota wind resource
assessment. Current projects include
assessing the relative accuracy of an
industrial anemometer, evaluating the
wind energy resource monitored by four
meteorological towers, and converting
data acquisition configuration to utilize
streaming data and online viewing
capabilities. Director Michael Twedt
and assistant director Matthew Hein
point with pride to the SDWAC projects
recently featured on the front page
of the USDOE newsletter. For more
information, visit wac.sdwind.org.
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CAPTURING THE GLOBE
Image Processing Laboratory
Have you ever wondered how Google Earth acquires such
consistently accurate images? At one time, all of Google
Earth’s images were calibrated by SDSU’s very own Image
Processing Laboratory, recognized as a world expert in the
calibration of remote sensors.
The Image Processing Laboratory was the first research
lab established in the College of Engineering, founded in
1988 by Dennis Helder, professor of electrical engineering
and associate dean for research. Although it began with
just one graduate assistant, the lab now employs four fulltime staff members and nearly a dozen undergraduate and
graduate students engaged in radiometric characterization
and calibration of satellite and airborne remote sensing
imaging systems. As lab director Helder explains, “We take
a satellite image and convert the photograph into a data
set that enables users to extract accurate information from
remotely sensed data and to measure change over time.”
The lab ensures the accuracy of this data by
characterizing and correcting systematic degradation
through radiometric calibration of satellites. Image distortion
caused by satellite instrument degradation and the Earth’s
atmosphere are thus minimized and researchers are assured
that any changes detected represent actual adaptations of
the subject, rather than the vagaries of the sensors. The lab
began with an image accuracy level of within ten percent.
Helder is pleased to report that “Now we are at three
percent, and within two years, we expect to achieve two
percent accuracy.” As sensors grow increasingly stable, the
lab aspires to reach accuracy of within one percent in the
next three to five years.
Although the lab has experience working with a
multitude of high and moderate resolution commercial
sensors, research at the lab focuses primarily on the
Landsat series of sensors, considered the “gold standard”
of imaging systems. The Landsat system, designed to image
the entire earth, circles the globe every sixteen days and
transmits data to an international network of stations. The
Image Processing Lab contributes consistent calibration
of the Landsat sensors. The resulting data is used by
researchers throughout the world to study climate change,
crop prediction, and deforestation, among many other
applications. “Ultimately,” Helder attests, “the work of the
Image Processing Lab addresses the National Academy
of Engineering’s Grand Challenge to manage the nitrogen
cycle.”
More immediate benefits of this research accrue
closer to home. As they develop correction algorithms and
assessment for the next generation of Landsat satellites,
students working in the lab build a variety of skills including
technical communications, programming, signal and
image processing, remote sensing, statistical analysis,
system engineering, scientific analysis, systems response
characterization and calibration. They also acquire hands-on
experience working with government organizations (such
as the U.S. Geological Survey Earth Resources Observation
2
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ABOVE: Electrical engineering graduate student Sandip Shrestha
studies the performance of Hyperion – a hyperspectral imaging
satellite. BELOW: This mosaic of South Dakota was created by
EROS with Landsat data.

and Science Data Center and the National Aeronautics and
Space Administration Goddard Space Flight Center) to
resolve real-life satellite and remote sensing issues. Student
researchers emerge from the lab with highly marketable
skills that position them to work in the aerospace industry.
Researchers in the lab have generated dozens of
professional journal publications, conference presentations,
and master’s theses on topics ranging from radiometric
calibration to estimation of sensor point spread functions
and geometric characterization of sensor systems. Major
accomplishments of the lab include the construction and
implementation of the IAS and image research databases,
radiometric calibration of the MSS sensors to absolute
calibration, radiometric calibration of the L4-5 TM sensors
and the L7 ETM+ instrument, and, most recently, groundbased data and site characterization of PICS locations Tuz
Golu and Algodones Dunes. The lab is currently working
on the implementation of TM-A, MSS-X WBVT, and Orphan
scene data into the IAS and LPGS production systems. All
of which will help ensure, among other things, that Google
Earth images are as crisp and accurate as possible.
For more information about the Image Processing
Laboratory, visit iplab2out.sdstate.edu.

H A R N E S S I N G R E N E WA B L E E N E R G Y
Center for Advanced Photovoltaics
The Center for Advanced Photovoltaics was established in
2006 with funding from the National Science Foundation’s
Experimental Program to Stimulate Competitive Research
(EPSCoR), a program designed to kindle sustainable
improvements in research and development capacity and
to activate collaborations that advance scientific research,
promote innovation, and provide multiple societal benefits.
The goal of the Center for Advanced Photovoltaics is to
develop and commercialize new photovoltaic devices and
systems that provide cost-effective solutions for the nation’s
short and long-term energy needs.
The Center’s director, Dr. David Galipeau, has
assembled a dynamic team of young researchers with
expertise in dye-sensitized solar cells, polymer solar cells,
thin film silicon materials and device structures. “The team
is currently developing carbon nanotubes in polymer cells to
improve conductivity, novel interface materials for tandem
cells, and tandem polymer cell structures,” Galipeau says.
Dozens of students work with the Center for Advanced
Photovoltaics, acquiring valuable skills in developing
new materials, processes, and designs for thin films and
polymers. Research conducted at the Center has generated
over sixty publications and conference proceedings.
With four Major Research Instrument awards, the
Center for Advanced Photovoltaics has established
significant capacity for nanotechnology and solar cell device
characterization. The opening of a new Microelectronic

Cleanroom will further expand the Center’s research and
development capacity with advanced technology and a
chemical vapor deposition system. Galipeau is happy to
report that the first of five modules of the new Cleanroom
is complete. “We are now in the process of completing the
installation of the gas delivery system for the new chemical
vapor deposition systems so that we can begin to produce
solar cells.” The new systems are expected to be operational
during the fall 2011 semester. Such state-of-the-art facilities
will increase the research competitiveness of both the
University and the state.
As a member of the Photo-Active Nanoscale Systems
research group, the Center for Advanced Photovoltaics
actively collaborates with institutions of higher education
across the state to support South Dakota’s focus on
alternative energy. Through regional collaborations, capacity
building, and innovative research, the Center for Advanced
Photovoltaics is making great strides towards harnessing the
environmentally friendly power of the sun.

A l t e r n a t i v e P o w e r Te c h n o l o g i e s L a b o r a t o r y
The Alternative Power Technologies Laboratory, established
in 2009 with funding from the Department of Defense,
supports efforts to develop state-of-the-art power systems
to reduce supply chain issues through smart grid technology
and renewable energy. Reducing the amount of fuel used by
the military on remote tactical operations lowers the cost of
and need for a supply chain and minimizes risk to soldiers
on the front line. As lab director Dr. David Galipeau explains,
“A leaner supply chain places fewer soldiers under fire,
renders the fighting force more effective, and saves lives.”
Researchers in the Alternative Power Technologies
Laboratory, in collaboration with Radiance Technology in
Huntsville, Alabama, have developed a prototype micro grid
system designed to address the mobile electric power needs
of the military. The team successfully demonstrated the
prototype to military officials at Fort Belvoir, Virginia, during
the spring of 2011.
Benefits from research in the Alternative Power
Technologies Laboratory accrue not only to the military,
but also to society in general as advances in micro-grid
technology and renewable energy have public and private
applications. “The test-bed grid developed by the lab
generates enough energy to run a home, small business,
or office building,” says Galipeau. The new technology
emerging from the lab has great potential for economic

LEFT: Professor
David Galipeau
explains the power
control grid that
collects energy from
solar panels on the
roof of Crothers Hall.

development and
job creation through
commercialization and
the stimulation of new
business ventures.
The low cost thin film solar cells being developed are a
direct response to the National Academy of Engineering’s
Grand Challenge for the 21st Century to make solar energy
economical.
The Alternative Power Technologies Laboratory is
building a long-term research infrastructure that provides
extensive opportunities for valuable hands-on research
to graduate and undergraduate students. Research in the
lab encompasses the disciplines of electrical engineering
and computer science, enabling students to cultivate
competencies in systems integration, software engineering,
and device research and development, skills essential to
meet the workforce needs of a technology-based economy.
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ENSURING QUALITY
Materials Evaluation and
Te s t i n g L a b o r a t o r y
The Materials Evaluation and Testing Lab (METLAB),
established in 2006 with funding from the U.S. Department
of Defense (DoD), is managed by director Fereidoon
Delfanian, professor of mechanical engineering, with
the assistance of Laura Bremer, business and marketing
manager. Over the past five years, the METLAB has
acquired over $8.5 million worth of state-of-the-art
research equipment. Primary pieces include:
• NSI X-View M5000-CT Computed Tomography System
for high resolution digital X-ray imaging.
• MTS Insight 5, 858, and 370 Material Testing Systems
for tensile, compression, flex, and peel-tear studies.
• Proto Manufacturing LXRD Laboratory Non-Destructive
Residual Stress Measurement System whose
measurements can be performed in as little as a few
seconds and can generate compelling data.
• Keyence VK-9700 Color 3D Laser Scanning
Microscope which can be used for imaging purposes
or as a 3D non-contact measurement device with 1 nm
resolution.
• NANOVEA Nano/Micro Hardness & Scratch Tester
which determines hardness, Young’s modulus, and
creep information about materials, protective coatings,
and thin films.
This equipment enables the METLAB to pursue its goals
of serving the DoD, supporting regional industries, and
advancing education.
Serving the DoD: The METLAB focuses on
nondestructive testing for the DoD, generating portable
tests that can be applied in the field. Such testing has
been used to predict the thermal and mechanical loadings
in a cannon barrel and evaluate bore damage, to predict
how the fatigue life of gun steel is affected by elevated
temperatures, and to evaluate the performance of
composite specimens.
Supporting regional industries: Access to the
equipment and expertise of the METLAB enables local
companies to trouble-shoot manufacturing processes
and refine products. For example, the Brookings Utilities
company struggled with power line bolt failure. Testing
at the METLAB determined that the bolts were becoming
brittle in cold temperatures and generated a solution
to avoid future failure. Twin City Fan has turned to the
METLAB for composite material testing, Daktronics and
Falcon Plastics for adhesive testing, and MTronPTI for x-ray
inspection of electronic parts. The METLAB encourages
local industry to use their facilities by offering twenty hours
of free service to South Dakota-based companies.
Advancing education: The METLAB has facilitated
research for many student senior design projects and
theses and has generated over thirty professional
conference presentations and publications in peer-reviewed
journals. Students hired to work in the lab learn to operate
intricate, software-driven equipment and develop skills that
4
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ABOVE: Mechanical engineering graduate student Sunil
Macwan identifies the stress fracture in a bolt tested on
t h e M E T L a b ’s M T S 8 5 8 u n i t . B E L O W : A s s i s t a n t P r o f e s s o r
S t e p h e n G e n t u s e s t h e M 5 0 0 0 - X - r a y / C T- S c a n u n i t t o a n a l y z e
a computed tomography reconstruction of a dental implant.

render them exceedingly competitive in the job market.
The METLAB hosted a regional conference on Dynamics
Behavior of Cylindrical Structures in 2009 and is planning
another conference for the fall of 2011.
To learn more about the METLAB, visit
www.sd-metlab.org/.

IMPROVING INFRASTRUCTURE
Jerry Lohr Structures Laboratory

The Jerry Lohr Structures Laboratory is the only facility of
its kind in the Dakotas. With a ninety foot long strong floor
of reinforced concrete that is four feet deep, and a high
bay measuring thirty-four feet tall and thirty-nine feet wide,
the lab was designed to test large and full-scale structural
elements and systems. Lab director Nadim Wehbe,
professor of civil and environmental engineering, attests
to the value of testing full-scale specimens to produce
meaningful research because “scaling specimens gives up
some of the significance of the data.”
Established in 2004, the lab is handsomely equipped
with a hydraulic structural testing system (including large,
medium, and low capacity actuators, a sixty-gallon-perminute pump system, and an MTS Flex Test® control
system), three reaction steel frames, a 100-ton hollow
plunger cylinder, load cells, cable-extension transducers,
and two data acquisition systems. The modular loading
steel frames, designed in house and constructed in Sioux
Falls, are secured by threaded anchors with 25,000 pound
pulling capacity that transfer load to the strong floor. This
versatile set-up enables the lab to handle specimens
ranging in size from an eighteen-ton bridge girder to an
industrial bolt and to conduct dynamic and static tests of
compression, tension, and fatigue with vertical, horizontal,
and axial loading through applied displacement or load
control.
The Lohr Structures Laboratory has successfully
tested full-scale pre-stressed concrete bridge girders
for strength and serviceability, as well as full-scale floor
diaphragms under combined gravity and lateral loading.
Researchers at the lab recently conducted several
experimental studies to develop a novel composite
concrete and light-gauge steel load distribution members.
Professor Shiling Pei has been building and testing
wood shear walls for seismic loads, assessing the

ABOVE: Civil and environmental engineering graduate
and undergraduate students discuss instrumentation of a
m a n u f a c t u r e r ’s s p e c i m e n w i t h L a b M a n a g e r Z a c h G u t z m e r.
L e f t t o r i g h t : J o r d a n Pa u l , L o g a n D e b o e r, Z a c h G u t z m e r, a n d
Mason Underberg. BELOW: Civil and environmental engineering
graduate student Chad Stripling programs the data acquisition
system for a structural evaluation of prestressed selfconsolidating concrete bridge girders.

effect of various window designs on wall strength. Such
research directly contributes to the National Academy of
Engineering’s Grand Challenge to restore and improve
urban infrastructure.
Students have been actively engaged in research in
the structures lab, developing competencies in destructive
and non-destructive structural testing, instrumentation,
and data acquisition. Graduate students pursuing
specializations in structural engineering have found the
lab to be particularly fruitful for their research. Through the
lab’s collaboration with the Mountain-Plains Consortium
University Transportation Center, students are able to
participate in research that focuses on safety and security,
mobility and global connectivity, infrastructure renewal and
environmental stewardship. The unique facilities of the Lohr
Structures Laboratory make it a hub for critical research
whose reach extends well beyond the state.

SOUTH DAKOTA STATE UNIVERSITY
OFFICE OF ENGINEERING RESEARCH
EECS 309, Box 2222
Brookings, SD 57007
Change Service Requested

w w w. s d s t a t e . e d u / e n g r / r e s e a r c h
Phone: 605-688-4372
Fax: 605-688-4969
Email: Dianne.Nagy@sdstate.edu

